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A3STRACT
(Cc.-f .denti a1)

7h .*~av~az. Festarch'- a!ýoratory -is zcnducting an investi.
garicn C.vey V (11-71 radi' wave propagation at
great di4stances and cver a eCng ;ericd ofI tire. 11he
satistica: re~.at*.cnshi-; cf th.e fle'-d strength of various

V"? -ta.tn~s:s.ss and atrcs;ner- e -cst and the signal-to-
noise ratics I-th the lt.re of day and season o! the year
is bein -nes-4igated. tetween :ecetenr 1958 and
a;;;rc.4ra:e~y !'irch. ::64the su4ý-ect ;r=;agation data has
b..en reCCrded a% %he ;clocwin; s1tes: Ha=.er~esz, Bodd
and Varhar.4, eway es. a~yi *.-a--.', :sra..1; and
Karachig West Iaki;-a:%

7h.is is the !Ce teen'h La a series c! quarterly reports,
ccve:-*ni -:*e !fi een thr~h the e-F"-teenth quarters
sixz :-%a ;rcira= tegan. Zuring the ;.r,-cd covered by
thi s re --- , '7;es :;22 thrcugh ý!y :-;3, Karachi. was

in ;erazicn the ent-re. t'!te and Har.fres% was in operatic=
!ýh ar, .963,

This is an inerir retcrt cm cne :'hase ef the problem.
Work is c:n:zin-4-ic z*.- ;s and o-ýer es
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FISLD STFVX`HS or SCot VLF
FANSY:SS!0NS V:' ATMCSP!IERIC 4*.ISE

£ EASUF-t' V: 'EAR : AN~D ASIr%:: AFEAS
'%*::, 1.96? 7HFCU,!H ý'AY, 1963

7he ':ava' ?*search La!ýcratory is ccnducting an
:nVostigation c! very-.cw-!requency U"LF) radio wave
;rc;aGat_*:e at great. distan~ces and over a lonf period
c! tire. ror this 4vestigation, the field strengths
of vares,; Y'LF transmissicns and atrncspheric noise
hive b~een ccn'tiucusly recorded at several sites on the
ccasts e! -rrcpe and the Near East fror. Decerber 1958
through ý'arch 196%&. Zxtenslor. of the ;roj~ect through the
s;riiS c! 192.4 was ;rirarily intended for obtaining cover-
age data en the Navy's new 1.1-7 transrmittine facility at
Ci.iltrw Maimme which commen~ced c;eration -in January 1961.

'eo rciene eut;ut data is being published in
instan'-ents ccvering& each ;- ater of 'the year, rbrouped
acccrdim; to the seasons. 7his meries of re;orts will
.ct ccnta~r. an analysis cf the data. Analysis and

ccr!a_; of the data wihvr-.u epyia hnrn
Oill be the su-o!4ct of other repc~rts, T7his report is the
fourteenth in tue series of thest installments and covers

* ~the fitent hrcuih the e-ihtrenth quarters, June 196?
threughS. .aye 1963, eeec 1 covered two quarters.

.FA:SMSS.!CN PA7T-S

.-ring the ;ericd ccvered in this repnrt, field
strengths of '.'LF transrissicns and atrcspheric noise
were re~crded at Harnrerfestv Ncrway, and K<arachi, Pakistan.
.he ;rec'so 'ccat-ons of these recording sites are Eiven
4a .able -.. T7he .ccaticns of the U. S. N:avy 'YLr transmitters
are given in 7able 2.

A ' *'-F re-ccrdnrg site was i*nstalled in Karachi, West
Pakistan in Jue S51 and was c;erated through v!arch% 1964.
Hcwever, due* to the severe environrental conditions,
c t*ner .coa. ;rc!;bens, and the use of the unreliable in.
str-_.enta:t.cn discussed aut'ver,t rany equi~r~ent outages
resul1ted. As a ccnseq-.erce. consistent, usable data were

1
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r.ot obtained for continuous ;erieds of sufficient
duratien to !usti.y processing until Farch 1962e

2
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L::~ -ata rocen Staticns and -orice!s of r~eration

5-at-4cn Lcaic ericd cf~ C:44raticn

l~e :6 Z:.,0 ' 7ec 1958 - Sep 1960

7Lr&5j 37.51:. 50 371,3'r ac 1.958 - !'ar 1962

ýCo :9 1:' N: '120 43' ':ec 1.953 - Aue 1960

-!. 7:0 il' N; 230 37' r-15 ~e15
.. ~1981 - *Oar 1963

Ha,320 46, 1: 35' 2' 1: 2 193 - :lay 196?

KZarachi 24 10' N 67' 2' E n 1S61 - Var 1964

~~E2

::ss 350 594IN: 76' 27.21W

4'12' : 121' 5

210 25,5':: 1S8' 904W~

3'.0 S8.3'": 137' 1.31E

N3B'9 3.3.1 loo 39,99W

* 3



CM~t: rIIE TAL

stren se:ý re:re:eaitr re-

re. r wh.avy Arte -*s cckSte ,;y* n r hree
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the year since %he effect on the radiAted power is slicht.

TASC 3

A'.tPAI! 'tAD!A7:`h 1R:S:SA'I:r rop VLF ?RANSKMT~RS
Station rreouency Padiation Resistance

kc .ohms

IAA 14. 0,017

N&A 10.00co

.•PG l=iR 0.071Na ss 0.0??

KSS 22,3 0l32

Sianal-to-Ncse Ratios

The S.ial to atmospheric noise ratios for each
hourly .ccked-key and off ;eriod reported are the ratios
of the lockeod-key field strengthF normalized to a radia-
ted •pver of one ktlcwatt, to the average atmospheric
no se field strengths normalized to a 100 cps bandwidth.

Transmitter Radiated ?ower

As prev•cusly stated, the field 4trengths or all
transmissions reported herein have been normalized to
a radia:ed ;ove of cne kilovatt. The radiated power
during eac field strength reasurerent is calculated
by squ•aring the average transrttirng Antenna current
reasured during each :ccked-key ;erio4 and multiplying
by the average value of ra-iation resistance (Table 3).
To deternine the vartous ;rr.paatijfn .wte~cs, it is
necessary *.c norr&a1ze the data to a ionetant radiated
;ve?. Fcweter, ftr planning corr.unILAt4on circuits

CONFIDENTIAL



and e~t7=-g te rta:iatit C~f th~e c4r..zts * it is
necessary : '-.e ra ated -:Cer capat::4ty of each

.. n an-4 "Z he average rad-2-at@e± ;cw~ for each
tan$.Zer ~ each :rCV-Z Is Fi.ver 3:c-9 u4." thO u ber

zf r ;oizs vhi -v h e.hte :czdke&:tz e st was
nz ,.a:r:47-t~ six:~± hcý;s each week,; ~es -4- -.. -a -!~ S~? systewr forre a-=%anae. 1:thc- these ;eishave been
r*!errod tc as t-d? ramsri.ssicns %!-- red-4ction in
ra!.a-:t ;z-:tr ýui= -erat-c~:% 43 c:=scera'.IY rore

thn d . .ese z-n~-t-:m-:r were
nv dezstlr -: he average radia:e ;%cwer !rem

::?~~t~se ~a~. t 'e sna.:s 43 UetG::a!:: at all
±a~ re:i :at~--.m tho ~se ;eric!s. 'he AJA.

t:ans-..:ter a..sz ;erates 72'td.CCca*...v !r--= *-a. of the
s::sti7- at a red.cti:cn I radiated ;cwer c! a=;rcxir-atelyS1 -- hese 2'... ;:-zer- ransrisszzs arn b

re;:at aZZ c! the daza reccr':ri.g sua:::-s, they are not
c=-* zte 4n zh r:nt:hy a-verage ra~iated pwer,
1S .3 the CASC w--t NT7. :n 7 g'- ... * average
radiatid ;z-.:er is cer.:-zed setarate--y !cr tef-z-l and

*ha:r!TIA
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:h* daaa. r*.:~e U4inr several f',rrs as fQ IllovsI

1.. The ,e*An ;juS %%n. nrs cr.* standard deviation
.. sth ..jaý an, tho ans;'her!'ý noise field strenCths

an.d the siina!.-nclst ratics fcr each hour of one day
!z-r a ;*ricz C C-4 .n

no 7h ean fer the signal !!eld strengths and the
sia-t-~isera'ic:s fcr each heur a! the day over

&;;rxiraely ten da- ;tr'cds ef each ronth,

3. 'ne ;rzt-&az:ity 2stribut±cn c! the stenal and
:~. a~ ;~.:; ~ce !t'd stref.~ths and the signal-to-

-- a~ics cr. a .; ef c** mcnth.

~::r ~e-~a~ty ri .tcn ;resented in th signal
and nziq* "'ta, seav~.are not tire correlated.
na-: '., a h4e sjEnaL 1*val di.d. not necessarily occur

s~are s:7 with a. high..eise level. Therefore, these
twz sets :! a:a cann:% 'ý used far deterrinirng the sienal-

* ~ .r~se r:~~i~ I-str-'ut'on' Orathstshowint the
tr.;* ii a:r.se; blt distr b atic are

;rese~t-ed, h:4ever.

:n ;r:*sjjte data included in this reports
a~s:arz n.:se :idstrer.Ets are conput d only for

the :rs ~r~wihasa il rnthscon
; :e' f a reccrded :c:ked key- tran.srission. Ideall

t.3s -.rs :tr- an htur, every hcur. 'riority traffic

L~s=*-t.;'Od rainenante at the transr.itter and emargence
thwart !ftr:rsteatain then ideal siu-aticn. The actual

t!s--~e .:e key transmnissions is indicated
a:eeach hcry ;0 C *th - h siEnal-te-nOise

ratic :-r;; -.*.-.ss tunter; appIy to the signal and j
n-.ise !ietd strer.&th3 as well as the signAl-

-tt--.tiq raz.S



the '* tr-c±! by~re , th.is re-cr-t, " 'BA, and
N'r; roetvc od. FC- c-erlre .i% ýcth *:arerfest and Karachii.
:;F was no% dt:e~!ýe cften eo...jh to~ ;rovid* rreaninpful
4±aa !cr mcsz of %he encn'.s ccvered.

N12A was cf! :he air and sw,,c'ed fre-;-z"c!es
2.-:.e Kc toZ. c lurnr. the latter -,art of January

and &:: cf re@rarys :il -*- radiatica rzes-*stance
rr: fcr in, -aii 3 was u.sed for both *.7- frequencies*

Ad-iticna'. a~~ a!ýout atncs;heric os a:
rany :cca%~-'s arc-,;nd %*- wer'-d and !or the s-a?ý -triod
cz-vered- b,. t:, .s re~ ay: ýe fo-.;nd in refoerecos
1, 6, t and C-0

F!j-.res 1and : ray ý* re~cv*C± !rcm the. re;crt and
used fcr itrc~a%-cr ef %he a;;rc'riate gra~h scales%

:r. !'arch,13.2 now anenna courieZrs were i.nstalled at

.,@=-- -t- antenna facter w.:h the now cc-z;ler was
~ffern: :an :e reth.cd used with the e.d ccu4-lIr by

a factcr c! db. 'ýncri*naz:.y this change was not
in..r;crated 4n %ho e;-;~ter ;rcirarn. As a consequence.
a.: C! %ho siina: and nccisa field strenj:~.s lfrc these
stat..ons are in errer frcn that date. :he cerrectica
factors are ncted on the affected cuarves. 4Zr!.AL

-~~~~~ Z. . .. ..
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